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PHYTIC ACID LEVELS IN BARLEY FOR BEEF CATTLE
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ABSTRACT: Three experiments were conducted to evaluate the effects of reduced levels of phytic acid in barley on heifer growth and diet digestibility in cows.  In Experiment 1, 84 heifers (avg wt 366 kg) were fed chopped grass-alfalfa hay and 1.13 kg/d of one of four barley varieties: 1) Harrington (3.4 g/kg phytic acid), 2) 422 (2.6 g/kg phytic acid), 3) 635 (0.96 g/kg phytic acid), and 4) 955 (0.08 g/kg phytic acid) in a 56-d growth trial.  All of the barleys contained similar levels of total P (avg 5.5 g/kg).  Heifers fed Harrington had the lowest (P = 0.001) ADG (0.53 kg/d).  Heifers fed 422 had lower (P = 0.001) ADG (0.59 kg/d) than heifers fed 955 (0.70 kg/d), with 635-fed heifers intermediate (0.64 kg/d).  In Experiment 2, 80 heifers (avg wt 282 kg) were fed chopped grass-alfalfa hay and the same barley varieties as in Experiment 1 for 56 d.  Heifers fed Harrington and 955 had greater (P = 0.001) ADG (avg 1.01 kg/d) than heifers fed 635 and 422 (avg 0.86 kg/d).  In Experiment 3, 32 pregnant crossbred cows individually fed chopped hay (7.38% CP) ad libitum in Calan gates were assigned to one of the same four barley diets as above.  Cows were individually fed hay and 1.36 kg barley at 0700 daily, hay at 1600 and feed refusals were weighed to determine forage intake.  There was no effect of barley variety on hay or diet DM, OM, CP, NDF, or ADF intake nor hay DM, OM, NDF, or ADF digestibility (P ≥ 0.67). There was no effect (P ≥ 0.76) on diet DM, OM, CP, NDF or ADF digestibility.  It appears that phytic acid levels in barley may have an effect on weight gain of heifers, but the mechanism of action is unclear.
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Introduction

The primary storage form of phosphorus in most grains is phytic acid-P, and phytate is known to decrease the bioavailability of certain minerals in non-ruminant animal diets (Harland and Narula, 1999).  Phytase added to non-ruminant diets increases the availability of phytic acid-P, reduces the need to add inorganic P, and reduces environmental pollution from P in animal wastes (Bedford, 2000).  Excretion of unutilized phytic acid-P has led to pollution problems in areas of intensive livestock production (Jongbloed and Lenis, 1998).  It is believed that ruminants do not benefit from exogenous phytase, due to phytase production and nearly complete phytic acid hydrolysis by the ruminal microbes (Nelson et al., 1976; Morse et al., 1992; Yanke et al., 1998).  However, certain feedstuffs or feeding conditions may reduce phytic acid-P availability to ruminants.  Heat treatment during processing of commonly used protein sources for ruminants, such as soybean meal and canola meal, can reduce phytic acid degradation in the rumen and phytic acid-P availability (Konishi et al., 1999; Park et al., 2000).  High levels of dietary calcium, and/or wide calcium to phosphorus ratios, reduce the availability of phytic acid-P even in the presence of high levels of phytase enzymes (Bedford, 2000).  Ruminal phytase activity has been shown to be lower on high forage diets compared with high grain diets (Yanke et al., 1998).  Low-phytic acid mutants have been developed in both corn and barley (Larson et al., 1998; Larson and Raboy, 1999), and may have potential to improve phosphorus use efficiency in animal diets.  The objective of our study was to determine the effects of reduced phytic acid-P in barley on heifer growth and digestion in cows.
Materials and Methods

Experiment 1.  Eighty-four heifer calves (avg wt 366 kg) were fed chopped grass-alfalfa hay (12.8% CP) and 1.13 kg/d of one of four barley varieties: 1) Harrington (0.39% phytic acid-P), 2) 422 (0.30% phytic acid-P), 3) 635 (0.11% phytic acid-P), and 4) 955 (0.009% phytic acid-P) in a 56-d growth trial.   All of the barleys contained similar levels of total P (avg 0.63%).  Heifers were assigned to one of four pens by weight and birthdate, and pens were randomly assigned to treatments (1 pen/treatment).  Heifers had freed-choice access to water.  Heifers were weighed on d 1 and d 56.

Experiment 2.  Eighty heifer calves (avg wt 282 kg) were fed chopped grass-alfalfa hay and 1.27 kg/d of one of the four barleys in Experiment 1.  All procedures were the same as in Experiment 1.

Experiment 3.  Thirty-two pregnant crossbred primiparous cows (avg wt 530 kg) were individually given ad libitum access to chopped grass/alfalfa hay (7.4% CP) and 1.36 kg/d of one of the four barleys described above.  Cows were fed using Calan-Broadbent gates (American Calan, Inc.; Northwood, NH).  Cows were fed chopped hay and barley at 0700 and hay at 1600 for 30 d.  Orts were weighed in the morning and evening prior to feeding to determine forage intake.  Cows had free-choice access to water and were weighed on d1 and d 30.  Cows were given a 3-wk training period in the Calan gates, and after a 14-d adaptation to diets, there was a 7-d collection period.  During the 7-d collection period, fecal grab samples were taken at 0800, 1200, and 1500 on three different days.  Fecal samples were dried for 48 h in a 60( C forced air oven, and ground to pass a 1-mm screen in a Wiley mill.  Fecal samples were composited for each cow on an equal dry weight basis and analyzed for DM, N (AOAC, 2000), NDF, ADF (Van Soest et al., 1992), AIA (4N method; Van Keulen and Young, 1977), P (Chen et al., 1956) and phytic acid-P by HPLC.  Hay and orts samples were ground through a 1-mm screen and were analyzed for DM, N, NDF, ADF, AIA, P and phytic acid-P.  Acid insoluble ash was used as a marker to determine fecal output (FO) using the following equation: 

FO, kg/d = AIA intake (g/d) / fecal AIA concentration (g/g)

Animals in all 3 experiments were cared for under a protocol approved by the MSU Animal Care Committee. Animal was the experimental unit in all three experiments.  The GLM procedure of SAS (SAS Inst. Inc., Cary, NC) was used to analyze data in Experiments 1 and 2 as completely randomized designs testing the effect of treatment on weight gain.  In Experiment 3, a randomized complete block design was used with pen as the block and individual animal as the experimental unit.  Least square means and associated standard errors are reported.

Results and Discussion

 
 In Experiment 1, heifers fed Harrington, which contained the highest amount of phytic acid-P, had the lowest (P = 0.001) ADG (0.53 kg).  Heifers fed 422 had lower (P = 0.001) ADG (0.59 kg) than heifers fed 955 (0.70 kg), with 635-fed heifers intermediate (0.64 kg).  In Experiment 2, heifers fed Harrington and 955 had greater (P = 0.001) ADG (avg 1.01 kg) than heifers fed 635 and 422 (avg 0.86 kg; Table 2). 

In Experiment 3, there was no effect (P > 0.70) of barley line on hay DM, CP, NDF, or ADF intake or DM, NDF, or ADF digestibility (Tables 3 and 4).  There were no differences in total P excretion (P = 0.28; avg 38 g) or in apparent P digestibility (P = 0.63; avg 16%) due to barley line.  However, barleys 422, 635 and 955, which contained reduced phytic acid-P, decreased (P = 0.001) fecal concentration and output of phytic acid-P by 64 and 61%, respectively, compared with the Harrington barley.  Under other circumstances, such as high grain feedlot diets, these differences in phytic acid-P excretion might be important.

 Nelson et al. (1976) found that less than 1% of ingested phytic acid-P was recovered from the feces of calves, therefore most phytic acid was degraded in the rumen and did not reach the small intestine.  These results suggest that ruminal degradation of phytic acid-P is very efficient in ruminants.  Morse et al. (1992) reported a rapid and high degree of phytic acid-P hydrolysis in dairy cows, and that essentially all phytic acid-P in concentrates should be considered available for absorption by cattle.  In our study, we were able to recover phytic acid-P in the feces of beef cows fed a small amount of barley in a primarily forage-based diet.  In addition, there are other factors that can affect utilization of phytic acid-P.  Ravindran et al. (1996) attributed a portion of the depressed performance of chicks and pigs fed diets containing phytic acid-P to the ability of phytic acid to complex with proteins, making the protein less digestible.  Mineral/phytic acid complexes may be resistant to hydrolysis by intrinsic and supplemental phytase in the diet (Maenz et al., 1999), resulting in deficiencies of minerals such as copper, iron, manganese, and especially zinc (Oberleas and Harland, 1996).  Lei and Stahl (2000) stated that supplemental phytase for non-ruminants enhanced the bioavailability of Ca, Zn, and Fe, and that the efficacy of exogenous microbial phytase was affected by Ca:P ratios, cholecalciferol, and organic acids.  High levels of dietary calcium and/or wide calcium to phosphorus ratios reduced the availability of phytic acid-P even in the presence of high levels of phytase (Bedford, 2000).  Heat treatment during processing of commonly used protein sources for ruminants, such as soybean meal and canola meal, can reduce phytic acid degradation in the rumen and phytic acid-P availability (Konishi et al., 1999; Park et al., 2000).  The differences we saw in phytic acid-P excretion between cows fed barley with normal phytic acid-P and reduced phytic acid-P content may be exacerbated when high levels of barley are fed, as in a feedlot diet.

Low-phytic acid mutants have been developed in both corn and barley (Larson et al., 1998; Larson and Raboy, 1999), and may have potential to improve P use efficiency in animal diets.  Phosphorus that is not utilized in the digestive tract is excreted, and can have nutritional as well as environmental implications (Lei and Stahl, 2000).    

Implications

Decreased phytic acid-P levels in barley improved weight gains of heifers.  When beef cows were fed diets consisting of 6.5% barley grain, using barleys that differed greatly in phytic acid-P content had no effect on intake, digestibility, or total P excretion.  However, phytic acid-P excretion was decreased 61% by feeding low-phytic acid-P barley.   
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Table 1. Composition of barley fed to heifers and 2-yr-old beef cows (DM basis)

Item
Harrington
422
635
955

DM, %
86.99
86.95
88.48
87.23

OM, %
97.63
97.59
97.71
97.07

P, %
0.61
0.56
0.65
0.69

Phytic acid-P, %
0.39
0.30
0.11
0.009

CP, %
10.79
10.89
11.93
12.01

NDF, %
24.66
23.31
24.27
27.01

ADF, %
6.66
6.94
7.46
7.88

Table 2. Performance of heifers fed decreasing levels of phytic acid-P in four barley lines during two years

Barley line
Harrington
422
635
955



Phytic acid-P, %
0.39
0.30
0.11
0.009
SE
P-value         

Year 1 – No. of heifers
21
21
21
21
---
---

   Initial weight, kg
367.6
366.8
364.9
365.9

4.56

0.97

   Final weight, kg
398.0
401.2
402.2
406.4

5.11

0.72

   56-d ADG, kg
0.53a
0.59b
0.64bc
0.70c

0.030

0.001

Year 2 – No. of heifers
20
20
20
20
---
---

   Initial weight, kg
281.8
283.2
282.8
283.0

5.04

0.99

   Final weight, kg
339.0
330.0
332.7
340.0

5.54

0.54

   56-d ADG, kg
1.02b
0.84a
0.89a
1.01b

0.026

0.001

a,b,cMeans in a row lacking a common superscript differ (P < 0.001).

Table 3. Hay and diet intake by 2-yr-old beef cows fed decreasing levels of phytic acid-P in four barley lines

Barley line
Harrington
422
635
955



Phytic acid-P, %
0.39
0.30
0.11
0.009
SE
P-value

No. of cows
8
8
8
8
---
---

Hay intake

  DM, kg
17.0
17.5
17.6
17.8
0.62
0.85

  CP, g
1,232
1,272
1,278
1,295
48.6
0.83

  NDF, kg
10.8
11.2
11.3
11.4
0.45
0.82

  ADF, kg
6.2
6.4
6.5
6.6
0.27
0.81

Diet intake







  DM, kg
18.2
18.7
18.8
19.0
0.62
0.84

  CP, g
1,360
1,401
1,422
1,437
48.6
0.70

  NDF, kg
11.1
11.5
11.6
11.8
0.45
0.80

  ADF, kg
6.3
6.5
6.6
6.7
0.27
0.79

Table 4. Hay and diet digestibility by 2-yr-old beef cows fed decreasing levels of phytic acid-P in four barley lines

Barley line
Harrington
422
635
955



Phytic acid-P, %
0.39
0.30
0.11
0.009
SE
P-value

No. of cows
8
8
8
8
---
---

Hay digestibility, %

  DM
53.75
53.62
52.96
54.41
1.377
0.90

  NDF
48.84
49.63
48.18
50.51
1.986
0.85

  ADF
41.79
42.33
40.66
43.15
2.279
0.89

Total diet digestibility, %

  DM
56.01
55.57
55.08
56.21
1.284
0.93

  NDF
49.30
49.81
48.42
50.80
1.934
0.85

  ADF
41.91
42.32
40.70
43.24
2.249
0.88

Table 5.  Phosphorus and phytic acid-P (PA-P) parameters in cows fed decreasing levels of phytic acid-P in four barley lines

Barley line
Harrington
422
635
955



Phytic acid-P, %
0.39
0.30
0.11
0.009
SE
P-value

No. of cows
8
8
8
8
---
---

P intake total diet, g
43.9
44.3
45.6
46.2
1.20
0.52

P intake barley, g
7.2
6.6
7.9
8.2
---
---

P intake hay, g
36.7
37.6
37.7
38.1
1.20
0.87

P fecal output, g
36.7
35.8
38.5
40.1
1.63
0.28

P in feces, %
0.46
0.43
0.46
0.48
0.014
0.13

P apparent digestibility, %
16.27
18.82
15.43
13.47
2.999
0.63

PA-P intake total diet, g
4.8d
3.8c
1.5b
0.3a
0.007
0.001

PA-P intake barley, g
4.6
3.6
1.3
0.11
---
---

PA-P intake hay, g
0.18
0.18
0.19
0.19
0.007
0.83

PA-P fecal output, g
0.87b
0.41a
0.36a
0.25a
0.087
0.001

PA-P in feces, %
0.011b
0.005a
0.004a
0.003a
0.0012
0.001

PA-P digestibility, %
81.66b
89.14b
75.76b
12.65a
5.660
0.001

PA-P intake/P intake, %
10.86d
8.55c
3.28b
0.63a
0.164
0.001
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